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INTRODUCTION 
The study of the interactions of serum, hyaluronidase, and proteases has 
shown that the inactivation of the testes hyaluronidase by serum in vitro is 
easily reversed by the  action of proteolytic enzymes (Hadidian,  1953).  The 
heat-labile factor in serum which is responsible for this inactivation has been 
called  the  non-specific inhibitor of hyaluronidase because  it inhibits several 
bacterial hyaluronidases, as well as testicular hyaluronidase. Such interest as 
there is in this inhibitor has centered on its potential anti-invasive activity; the 
prevalent conviction being that it must provide a physiological defense against 
hyaluronidase activity in  vivo  (Haas,  1946;  Glick,  1950).  The evidence that 
can be adduced to support  such a  conviction is almost entirely based upon 
in vitro  experiments with testicular hyaluronidase. There is no evaluation of 
the effectiveness of this inhibitor against bacterial hyaluronidases, or hyalu- 
ronidase activity in venoms. It is evident from our previous work that the in- 
hibitor could be of little value against the activity of any hyaluronidase that 
is associated with a  protease, such as in the venom of the water moccasin, if 
it behaves in vivo as it does in vitro. A confirmation of the applicability of the 
in vitro  experimental results to the interactions of the inhibitor in vivo would 
necessitate a  reevaluation of the prevalent view of its biological significance, 
and should provide a new approach to the study of its function in the blood. 
In this paper we shall describe the actions of hyaluronidase and proteolytic 
enzymes on the non-specific inhibitor in vivo,  and present experiments which 
illustrate an approach  to the study of the possible biological significance of 
this serum factor. 
Materials and Methods 
The viscosimetric method was used  for the determination of hyaluronidase  and 
inhibitor activity; the details of this method have been described previously (Hadid- 
* This investigation  was supported  by a research grant, R  G 1985, from the Na- 
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Jan,  1953;  Hadidian  and  Pirie,  1948a,  1948 b).  For  convenience  these  activities 
have been expressed in arbitrary units. A unit of hyaluronidase activity is the activity 
of the mount  of the enzyme required to give a half-time of 100 seconds under speci- 
fied conditions. A  unit of inhibitor activity is the activity of the  amount of serum 
which, when incubated for 10 minutes with one unit of hyaluronidase, will inhibit 50 
per cent of its activity; i.e., increase the half-time to 200 seconds. This amount can 
be calculated accurately from two or more determinations with varied amounts of 
serum, with at least one determination of less than 50 per cent inhibition and one 
slightly more. Whenever possible this procedure was used for the determination of 
inhibitor activity in serum. Another method, although less accurate, is the estimation 
of inhibitor levels from single determinations with the aid of a  curve relating the 
degree of inhibition to the concentration of normal serum. Occasionally, it was neces- 
sary to resort to the latter method due to the limitations of time, in which case all 
results were checked later. The hyaluronidase used was a partially purified testicular 
preparation obtained from bull testes or bull semen  1 by fractionation with ammonium 
sulfate. The fraction precipitated between 27 and 50 per cent saturation of a  0.1 ~r 
acetic acid extract was used without further purification. The agents used to test the 
action of proteolytic enzymes on the inhibitor were crystalline trypsin, crystalline 
chymotrypsin, papain solution, prepared as previously described (Hadidian,  1953), 
the venom  of Agkislrodon  piscivorus,  and  streptokinase,  t  Papain was used without 
activation for in vivo experiments. The weights of crystalline trypsin refer to a prep- 
aration containing approximately 50 per cent magnesium sulfate. The relative pro- 
teolytic activities of the agents used are given in Table nI. 
Injections were given through the marginal ear vein of rabbits, and blood samples 
were taken from the heart before and after the injection. Some of these animals were 
sacrificed, tissues removed, weighed and used immediately or stored in dry ice. Samples 
of tissues were homogenized in five times their weight of borate buffer of pH 7.1, the 
homogenate was centrifuged, and the superuatant tested for inhibitor or hyaluroni- 
dase activity. 
Dogs were anesthetized with 35  nag. per kilo pentobarbital sodium given intra- 
peritoneally, and  prepared for  blood pressure recordings from  the femoral artery. 
Injections were given intravenously through  an  indwelling polyethylene tube,  and 
blood samples were withdrawn from a different vein for analysis. 
The amount of hyaluronidase which can be measured directly in the serum or the 
tissue homogenates is designated as free hyaluronidase. Total hyaluronidase is the 
amount present after the serum or the  tissue homogenate has been subjected to the 
action of papaln. "Bound" hyaluronidase, i.e. the difference between total and free, 
represents the amount in combination with the non-specific inhibitor. The amount of 
papain used to free bound hyaluronidase was that necessary to destroy 1.0 to 1.5 units 
of inhibitor activity in the  control serum in 10 minutes  at 25°C.  and pH 7.1.  This 
amount of papain was added to serum or tissue homogenate containing one unit or 
less of hyaluronidase activity and the mixture was incubated in the presence of borate 
buffer of pH 7.1,  at 25°C.,  for  10 minutes.  The activity of testes hyaluronidase is 
1 We wish to thank Dr. R. H. Foote of New York College of Agriculture at Cornell 
for the supply of bull semen. 
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slightly enhanced in the presence of some tissue homogenates and of serum in which 
all inhibitor activity has been destroyed; e.g., by heating. For this reason, the amount 
of hyaluronidase in tissues was determined  from an activity curve of hyaluronidase 
obtained with varied concentrations  of the enzyme in the presence of an extract of 
normal tissue and papain. Determinations  of activity in serum were corrected for the 
enhancement of hyaluronidase activity in the absence of the inhibitor. 
RESULTS 
The  Fate  of  the  Intravenously  Administered  Hyaluronidase  in  Rabbits~- 
Serum from a  sample of blood obtained a  few minutes after intravenous ad- 
ministration of testicnlar hyaluronidase shows a decrease in inhibitory activity. 
If the mount of hyaluronidase administered is large, there may be detectable 
hyaluronidase activity in serum for as long as 20 to 30 minutes after the injec- 
tion. Restoration of the inhibitory activity of the serum to the control level 
takes about 3 days if it is completely depleted by the injection of the hyalu- 
ronldase; 1 to 2 days if the depletion is only partial (Fig. 1). Bound hyaluroni- 
dase is detectable only in samples of serum which also have free hyaluronidase, 
and does not usually exceed a  third of the total (Table I). It appears, there- 
fore, that the enzyme-inhibitor complex formed in vivo does not differ from that 
formed in  vitro in  its susceptibility to the action of papain.  However, it is 
possible that the bound hyaluronidase found in these samples of serum was 
formed in vitro after the withdrawal of the blood. The interaction of the in- 
hibitor with the enzyme is inhibited in vitro in the presence of 0.05 ~t phosphate 
(Hadidian and Pirie,  1948 b).  Bound hyaluronidase is present in samples of 
blood withdrawn into a syringe containing enough phosphate buffer to give a 
final concentration of 0.05  M, indicating that the inhibition must have taken 
place in vivo. Further evidence that the inhibition of the hyaluronldase takes 
place in vivo is obtained from the demonstration of bound hyaluronidase in 
the liver of animals given an intravenous injection of the enzyme. 
After the administration of 420 units per kilo of testicular hyaluronidase to 
a  rabbit, enzyme activity may be found in the serum, bile, and urine, and in 
the  homogenates of liver,  spleen,  and  kidney.  Corresponding samples from 
normal rabbits show no hyalur0nidase activity that can be measured under 
the specified conditions. Most of this activity is found in the serum and the 
liver. 5 to 7 minutes after the injection, as much as 90 per cent of the admin- 
istered amount can be recovered from these two sources (Table II). About 30 
per cent of the hyaluronidase in the liver homogenate is bound. The amount 
of free  hyaluronidase in  the  liver  homogenate may increase  slightly if the 
homogenate is allowed to remain at room temperature for several hours, indi- 
cating that the percentage of the bound hyaluronidase in the liver may be 
initially higher. Both the free and bound hyaluronidase disappear rapidly from 
the  tissues;  but  90  minutes  after  the  injection some  hyaluronidase is  still 
present in the liver. O'4"  N~ 
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TABLE I 
Free and Bound Hyaluronidase in Rabbit Serum at Different Times after Intravenous Injection 
of Hyaluronldase 
Hyaluronidase 
Animal No. 
Amount injected  Time after  injection  Free  Total  Bound 
units 
420 
420 
420 
420 
420 
84 
m/n. 
2 
3 
6 
6 
110 
15 
units/ral, 
8 
10 
5 
4.5 
0 
0 
units/ml. 
10 
15 
6 
5.5 
0 
0 
units/ml. 
2 
5 
1 
1 
0 
0 
TABLE II 
Recovery of Hyaluronidase from the Tissues  of Rabbit follouring In2ravenous Administration 
I. 2.8 kg. rabbit; 3500 units testicniar  hyaluronidase; blood sample 6 minutes after in- 
jection; sacrificed 7 minutes after injection. 
H. 3.5 kg. rabbit; 4400 units testiculax hyaluronidase; blood sample 5 minutes after in- 
jection, kept in ice water until used; liver removed 7 minutes after injection and kept in dry 
ice until used. 
HI. 2.6 kg. rabbit; 3250 units testicular hyaluronidase; sacrificed 90 minutes after injec- 
tion. 
Rabbit  Tissue 
No. 
I  Serum* 
Liver 
II  Serum* 
Liver 
HI  Liver 
Volume or 
weight 
70 mi. 
68 gin. 
87 ml. 
82 gin. 
Hyaluronidase  Total hyaluronidase recovered 
Free  Total 
unils/ml. 
or gin. 
9.5 
9.5 
11.0 
24.8 
0.13 
unlts/ral. 
or gin. 
10.4 
14.0 
13.8 
34.0 
0.49 
Per cent of 
Units  administered 
730  21 
950  27 
48 (total) 
1200  27 
2790 
91 (total) 
* Estimated volume (2.5 per cent of body weight). 
The  Action  of  Proteolytic  Enzymes  in  Vivo  on  the  Non-Specific  Inhibitor; 
Rabbits:--As  shown in Fig. 2,  proteases  can cause in  ~ivo  destruction of  the 
non-specific inhibitor. It is also apparent from the preparations used  (Table 190  INTERACTIONS  OF  NON-SPECIFIC  INHIBITOR  WITH  ENZYMES 
III)  that  approximately 50 times more trypsin than venom is necessary, in 
terms of proteolytic activity, to produce the same effect on the inhibitor. Such 
a  comparison cannot be made between papain and trypsin since the injected 
solution of papain was not activated, and may have become partially activated 
in vivo. Doses of 10#00 units per kilo of streptokinase produced a  decrease in 
the serum inhibitor level in the rabbit; but streptokinase failed to produce any 
measurable effect in the dog even in amounts ten times as large. There is con- 
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FIo. 2.  The action of proteases, venom, and streptokinase in vivo on the non-specific 
inhibitor. Injections were made intravenously at time zero. IT, venom, 0.5 nag. per kilo; 
T, trypsin, 5 rag. per kilo; P, papain, 1 ml. per kilo; S, streptokinase, 70,000 units 
per kilo. 
siderable individual variation in the response of rabbits to the injection of the 
proteolytic enzymes and the amounts indicated in Fig. 2 do not always produce 
a  marked reduction in the inhibitor level. In two out of twelve rabbits there 
was no measurable change in the inhibitor level after the administration  of 
a  proteolytic agent. One of these rabbits was given 1 rag. per kilo of venom; 
the other 5 rag. per kilo of trypsin. The response to trypsin was the least con- 
sistent, as confirmed later in experiments on dogs. All but three of the experi- 
mental animals died within 1 to 2 hours after the injection. Not all the deaths, 
however, can be attributed directly to the agent administered, since all these 
agents produce a prolongation of the clotting time after intravenous adminis- Z.  HADIDIAN AND  M.  M.  MURPHY  191 
tration. Some of the animals may have died of hemorrhage following a  cardiac 
puncture. 
The Action of Proteolytic Enzymes  in Vivo on lhe Non-Specific Inhibitor and 
Blood  Pressure;  Dogs.--Venom,  papain,  trypsin,  and  chymotrypsin  adminis- 
tered  intravenously  to  anesthetized  dogs  produce  a  decrease  in  the  serum 
level of the inhibitor (Figs. 3 and 4). This action was observed in twenty-five 
animals given one or more of the agents. 1 to 2 ml. per kilo of papain was con- 
sistently effective. 5 mg. of chymotrypsin per kilo usually produced a  measur- 
able effect, but  a  marked effect was  not  observed until a  cumulative dose of 
20 mg. per kilo was obtained. Usually a total of 0.5 to 1.0 mg. per kilo of venom 
had  to be administered before a  marked decrease in  the inhibitor level could 
be  observed,  although  occasionally measurable  changes  could  be noted  with 
smaller  amounts.  In  some  instances,  5  mg.  per  kilo  of  trypsin  produced  a 
TABLE III 
The Relative Proteolytic Activities of the Preparations Used 
The amounts indicated have the same activity on hemoglobin substrate, pH 7.5, at 25°C. 
(about 8.0 X  10-4 meq. of tyrosine released in 10 minutes); method of Anson (1938). 
Venom* 
Papain (activated) 
Papain (not activated) 
Trypsin 
Chymotrypsin~ 
1.0 mg. 
0.005 ml. 
1.0 ml. 
0.035 mg. 
0. 050 rag. 
* There is evidence for the presence  of at least two proteases in this venom  (Hadidian, 
1954). The over-all increase  in its activity between 25 and 37°C. is very close to that  of 
trypsin. 
On casein substrate chymotrypsin is relatively 2.5 times more active than indicated  here. 
marked  reduction  in  the  inhibitor  level,  as  shown  in  Fig.  4;  while  in  other 
instances this amount  had  no  measurable effect on  the inhibitor. In  two un- 
anesthetized dogs, one of which was given chymotrypsin and the other venom, 
changes  in  the  inhibitor  level  similar  to  those  in anesthetized  animals were 
measured. 
There is a  correlation between the nature of the blood pressure response and 
the  inhibitor level.  An  initial dose,  particularly of  papain  and  venom,  may 
produce a  marked depression of the blood pressure with little or no change in 
the  inhibitor level  (see  Fig.  3,  papain,  first response,  and  Fig. 4,  venom,  10 
kilo dog).  Unless  the  fall in  the blood pressure  is severe, there  is a  complete 
recovery from  this  effect,  and  subsequent  administrations  of  the  same  dose 
have  lesser effects.  However,  when  the  administration of  the  proteolytic en- 
zyme is accompanied by a  marked depression in the inhibitor level or follows 
such a  depression, then there is a  slow progressive lowering of the blood pres- 192 
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sure, recovery from which is incomplete (Fig. 3).  In most of the experiments 
showing this type of response the interval between the beginning of the experi- 
ment and the occurrence of the response was 1 to 2 hours; but the mere lapse 
of  time  cannot  account  for  the  change  in  the  nature  of  the  blood  pressure 
response. None of the preparations showed signs of deterioration prior to the 
effective injection. 
The destruction of the inhibitor may merely reflect the deterioration taking 
place in other tissues such as the blood vessels. On the other hand, the presence 
of the inhibitor in the blood in sufficient amount may, in some way, interfere 
with  the action of the  proteolytic enzymes.  Chymotrypsin was administered 
to four animals following the total depletion of the serum inhibitor by a previ- 
ous administration of testicular hyaluronidase.  In three of these, the response 
to a  single dose of 5 rag. per kilo of chymotrypsin was definitely of the slow, 
progressive type (Fig. 4, CHY and HY). In all other experiments with chymo- 
trypsin no such response was encountered with this initial dose. In one of the 
three, the interval between the beginning of the experiment and the iniection 
of  the  chymotrypsin was  less  than  30  minutes. 
DISCUSSION 
The  sensitivity  to the action  of proteases  which  characterizes  the in vilro 
inactivation  of testes hyaluronidase  by the non-specific  inhibitor also charac- 
terizes this reaction in vivo. Not only is the inhibitor readily destroyed  in vivo, 
but also the enzyme-inhibitor complex formed in vivo is easily broken up,  re- 
leasing active hyaluronidase. This inhibitor,  then, cannot be considered a very 
effective barrier against  the  hyaluronidase  of venoms like  that  of  the  water 
moccasin. The coincidence of a  slow, prolonged type of blood pressure depres- 
sion with  the depletion  of the  inhibitor suggests that  the  inhibitor may have 
other, more important biological significance. Whatever this biological signifi- 
cance may be, there is no doubt that the inhibitor can be destroyed in vivo by 
proteases,  including  the  serum  protease  under  certain  conditions.  This  effect 
is  so  consistent  that  it  can  be  used  to  measure  proteolytic  activity in  vivo. 
There are effects of proteases in vivo which are not accompanied by a measur- 
able destruction of the inhibitor.  This may indicate that these effects are not 
related to proteolytic action; or that substances of even greater protease sensi- 
tivity are present. The inhibitor is the only such substance to our knowledge, 
which  can be measured  quantitatively  and with  relative  ease.  In the  experi- 
ments  described  no  attempt  was  made  to  measure  small  changes  in  the  in- 
hibitor  level; but  this  method  can  be refined  to  measure  such  changes with 
accuracy. A  measurable decrease in  the inhibitor level following the adminis- 
tration  of a  proteolytic agent should  then  be a  clear  cut  indication  that  the 
agent has reached  the  general  circulation  in  excess sufficient  to  exert a  pro- 
teolytic action. We have found such measurements a valuable index of systemic g.  HADIDIAN  AND  M.  M.  MURPHY  195 
action in the study of the pharmacological actions of venom and proteolytic 
enzymes. 
SUMMARY 
1.  Following intravenous administration of testes hyaluronidase in rabbits 
and dogs, there is a decrease in the level of the non-specific inhibitor of hyalu- 
ronidase in serum. 
2.  If a  large amount of hyaluronidase is injected, the inhibitor level is re- 
duced to zero and hyaluronidase may be present in serum for some time after 
the injection. The hyaluronidase activity of such samples of serum increases 
when the serum is incubated with papain. 
3.  Hyaluronidase activity is found in the livers of the injected animals in 
large amounts and this activity is increased considerably when the homogenate 
of this tissue is incubated with papain. 
4.  Intravenous  admln~stration of  several  proteases  or  venom  produces  a 
decrease in the serum inhibitor level. Intravenous administration of strepto- 
kinase produces such a decrease in rabbits but not in dogs. 
5.  There is a  correlation between the depletion of the inhibitor from the 
serum and the occurrence of a  slow, persistent depression of blood pressure 
upon administration of proteolytic enzymes. 
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